Greenland halibut (Reinhardtius hippoglossoides) supports one of the major groundfish fisheries of the Northwest Atlantic and its biological stock structure is an important management concern. Using nuclear DNA microsatellite markers and a combination of summary statistics and Bayesian inference, we identified two distinct stocks, both represented within the Baffin Island-West Greenland complex and in the Gulf of St. Lawrence. While a North-South pattern of genetic structure was not supported, our data suggest East-West differentiation within Baffin Bay and Davis Strait. Genetic distances between samples were not correlated with geographic distances, and some degree of intermingling of the two stocks within the same assemblages was detected. Our preliminary results warrant further investigation of the observed patterns with the support of an intensive sampling scheme.
Introduction
The extent of the subdivision of a species into populations and the gene flow among these are of fundamental importance to the conservation and management of marine fisheries. Weak structure is often expected in marine fish populations due to the lack of geographic barriers (Ward, 2000) . For benthopelagic flatfish species, high levels of dispersal due to the prolonged larval phase may result in panmixia at oceanic, regional and subregional scales (Bailey, 1997; Hoarau et al., 2002) . Nevertheless, oceanic currents (Shaw et al., 2004) , or salinity and temperature gradients (Nielsen et al., 2003) may constitute a barrier to gene flow. In the past few years an increasing number of studies have inferred population subdivision in marine fishes even on limited geographic scales (Knutsen et al., 2003; Taylor and Hellberg, 2003) . Similarly, evidence of population differentiation has also accumulated for flatfishes (Bailey, 1997; Hoarau et al., 2002) .
Greenland halibut (Reinhardtius hippoglossoides)
is a flatfish species widely distributed within the North Pacific and the North Atlantic oceans. In the Northwest Atlantic this species is found as far north as Smith Sound (78º N) to as far south as the Scotian Shelf (44º N) (Bowering and Brodie, 1995) . The highest densities occur above 500 m depths along the edge of the continental slope, as well as in the fjords of West Greenland and the deepwater bays of eastern Newfoundland and the Gulf of St. Lawrence (Bowering and Brodie, 1995) .
Since the moratorium on Atlantic cod (Gadus morhua) and the decline of most other flatfish species (FRCC, MS 1994; NAFO, MS 1994; Devine et al., 2006) , Greenland halibut has attracted significant attention and has rapidly gained great importance for intensive fisheries. Its acquired status as a major groundfish fishery, combined with modern advances in fishing technology, resulted in a doubling of annual catches in the early 1990s (Bowering and Brodie, 1995) . However, subsequent de-cline of populations and catches (Bowering and Brodie, 1995) has raised management concerns, exacerbated in view of the potential impact of climate change (Roessig et al., 2004; ACIA, MS 2005) .
Greenland halibut in the Northwest Atlantic are managed according to a system of statistical subareas and divisions established by the Northwest Atlantic Fisheries Organization (NAFO). According to this system the Northwest Atlantic is managed as four separate units: (1) Baffin Island-West Greenland (NAFO Subarea 0, Division 1A-offshore, and Divisions 1C-F); (2) West Greenland Inshore (NAFO Division 1A-inshore); (3) Labrador-eastern Newfoundland (NAFO Subarea 2 and Divisions 3KLMNO); and (4) Gulf of St. Lawrence (NAFO Divisions 4RST) (Bowering and Chumakov, 1989; Bowering and Brodie, 1995) .
Most of the spawning for the Northwest Atlantic is believed to occur in an extended area from Davis Strait (Subareas 0 and 1, ca. 67º N) to south of Flemish Pass off Newfoundland (Jensen, 1935; Smidt, 1969; Templeman, 1973; Junquera and Zamarro, 1994) . A smaller self-sustaining spawning stock is located in the Gulf of St. Lawrence (Templeman, 1970; Bowering, 1980) , although recruitment of fish into the Gulf of St. Lawrence from the Davis Strait and the Labrador stock has also been suggested (Bowering, 1982) . Dispersal in Greenland halibut may happen through active migration of adults or through passive drift of eggs and larvae with water masses. The larvae and early juveniles remain pelagic for the first few months of life, during which time they may be carried even long distances away from their spawning site most likely by surface currents (Jensen, 1935; Smidt, 1969; Templeman, 1973) . Tagging studies have also shown that as Greenland halibut approach maturity, they may migrate to reach spawning sites (Bowering, 1984; Boje, 2002) .
Several approaches have been used to investigate stock boundaries for the Northwest Atlantic Greenland halibut, including analyses of meristic characters (Templeman, 1970; Riget et al., 1992) , parasite prevalence (Khan et al., 1992; Arthur and Albert, 1993; Boje et al., 1997) , tagging data (Smidt, 1969; Boje, 2002) , allozymes (Fairbairn, 1981; Riget et al., 1992) and mitochondrial DNA (mtDNA) (Vis et al., 1997) . All these studies suggest that the Northwest Atlantic Greenland halibut form a single stock with the exception of the fish of the Gulf of St. Lawrence, which form a self-sustaining stock, and the fish of the West Greenland fjords, which differentiate from the Davis Strait stock based on the number of vertebrae.
Genetic structure may often be subtle (Wirth and Bernatchez, 2001) , and as such difficult to detect. Nuclear DNA hypervariable markers, such as microsatellites, are powerful tools for the discrimination of genetic stocks (Ward, 2000) , and often more effective than mtDNA (Shaw et al., 1999) . Microsatellites have been successfully used to investigate patterns of genetic structure for Greenland halibut within the Northeast Atlantic, revealing also differences between the Northeast and Northwest Atlantic stocks (Knutsen et al., 2007) .
Here we present an initial investigation of the population structure of Greenland halibut within the Northwest Atlantic through analyses of microsatellite genotypes. Our objectives are: (1) to evaluate whether subtle population structure has previously been undetected due to sampling scheme or lack of power of the marker of choice; (2) to assess whether an isolation-by-distance model can explain any observed genetic structure; and (3) to identify the number of genetically distinguishable populations.
Materials and Methods

Sample collection
The study area spans two of the current NAFO recognized stocks; the Baffin Island-West Greenland stock (Subarea 0, Division 1A-offshore, and Divisions 1C-F), and the Gulf of St. Lawrence stock (Divisions 4RST).
Samples of skeletal muscle were collected between 1993 and 2001 during trawl surveys (Treble, MS 2002) at 12 sampling sites (Fig. 1, Table 1 ) and stored in saltsaturated 20% DMSO. Three of these sites were sampled in multiple years. With the exception of the winter fishery in the Cumberland Sound (CSw), where samples were collected in February/March and could include spawning fish, all other localities were sampled in summer and autumn. Larval fish were collected at one site near the West Greenland fjords (1C). In the Gulf of St Lawrence, samples were collected on two different occasions in 1994. The first sampling event (SL1) took place within Divisions 4RST between August and early September and samples were from throughout the survey area (although most came from 4S) (Fig. 1) . The second set of samples (SL2) was collected on 15 September at a single location within Division 4T. An additional sampling site offshore of the coast of Alaska in the Bering Sea (BE), North Pacific Ocean, was included in the study. The inclusion of a distant area in the analysis allowed us to verify the resolving power of the markers used.
DNA extraction and microsatellite genotyping
Total genomic DNA was extracted from the muscle tissue using DNAeasy tissue kit (Qiagen). Four dinucleotide microsatellite loci (Hhi3, Hhi55, Hhi57 and HhiA44) previously developed for the Atlantic halibut (Hippoglossus hippoglossus) were selected from the literature (McGovan and Reith, 1999; Coughlan et al., 2000) . An additional marker (Po91) previously characterized in the Japanese flounder (Paralichtys olivaceus) was added (Sekino and Hara, 2000 Additionally, genotypes constructed from nine microsatellite loci (Hhi1, Hhi3, Hhi52, Hhi53, Hhi55, Hhi59 HhiA44, HhiC17, HhiI29, McGovan and Reith, 1999; Coughlan et al., 2000) by Norwegian colleagues were also available for a smaller set of samples (see Knutsen et al. (2007) for methodology).
Data analyses
Number of alleles per locus (N A ), allelic richness (A), observed heterozygosity (H O ), and the heterozygosity expected (H E ) under Hardy-Weinberg equilibrium assumptions (Nei, 1987) were calculated in FSTAT v.2.9.3 (Goudet, 1995) . Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) were evaluated with a probability test (Guo and Thompson, 1992) implemented in GENEPOP v.3.4 (Raymond and Rousset, 1995) . F IS values were estimated according to Weir and Cockerham (1984) and significance was tested using permutations with the software GENETIX v.4.05 (Belkhir et al., 2004) . Significance levels (p = 0.05) for departure from HWE, LD and F IS were adjusted for simultaneous comparisons with the sequential Bonferroni correction (Rice, 1989) . MICROCHECKER v.2.2.3 was used to test for the presence of null alleles (van Oosterhout et al., 2004) .
Temporal homogeneity in allele frequencies was tested in GENEPOP with a probability test to establish whether samples collected in multiple years at the same localities could be pooled together to increase sample sizes. Significance levels (p = 0.05) were adjusted for simultaneous comparisons at multiple loci with the sequential Bonferroni correction (Rice, 1989) .
A hierarchical analysis of molecular variance (AMOVA) based on F ST (Weir and Cockerham, 1984; Michalakis and Excoffier, 1996) was performed in ARLEQUIN v.3.1 (Excoffier et al., 2005) . Different hierarchical groupings of the samples were implemented to test multiple hypotheses for the temporal and spatial distribution of genetic variation.
We computed pairwise F ST for all pairs of samples and significance levels (p = 0.05) were adjusted for simultaneous testing (Rice, 1989) . Since F ST values are dependent on the amount of within-population genetic variation rendering difficult comparisons across studies or markers (Hedrick, 2005) , we also calculated a standardized F ST as described by Meirmans (2006) . This computation was performed using the software FSTAT v.2.9.3 (Goudet, 1995) and RECODEDATA v.0.1 (Meirmans, 2006) . Isolation by geographic distance was tested within the Northwest Atlantic by plotting the genetic distance measures F ST /(1 -F ST ) obtained between pairs of populations as a function of the geographic distances between those pairs (Rousset, 1997) .
To test adult and larvae potential contribution to gene flow in the Northwest Atlantic, we considered two different geographic variables; one where geographic distances between populations were measured as the shortest marine distance, and one where measurements followed the directional flow of ocean currents. The major ocean surface currents in our area of study are shown in Fig. 1 . Log-transformation was applied where appropriate (Rousset, 1997 ). An isolation-by-time scenario was not tested since sufficient short-spaced samples were not available (Hendry and Day, 2005 ).
For each relationship tested, we determined the Pearson simple correlation coefficient (r), the significance of the relationships was established with Mantel tests for dependent data (Mantel, 1967) with R PACKAGE v.4.0 (Casgrain and Legendre, 2001) , and ordinary least square (OLS) regressions were used to estimate the slopes and the intercepts of the linear fits.
The hypothetical subdivision of Greenland halibut of the Northwest Atlantic into distinct stocks was also tested using two Bayesian model-based clustering methods implemented in BAPS v.4.14 (Corander and Marttinen, 2006) and STRUCTURE v.2.1 (Pritchard et al., 2000) . Both methods assume the presence of K populations, where K may be unknown. BAPS v.4.14 uses stochastic optimization to infer the posterior mode of the genetic structure, while in STRUCTURE a Markov chain Monte Carlo procedure is used for estimation.
Genetic mixture analysis in BAPS was initially performed at the 'group level' clustering a priori defined population samples; the results of this analysis were then used to infer individual admixture (1000 iterations per individual, 500 reference individuals, 1000 iterations per reference individual, p = 0.05) in a second set of analyses. For STRUCTURE we analyzed our data without supplying prior information on the origin of the samples, using the 'correlated frequencies' model, and allowing for admixture (2 × 10 6 dememorization iterations, 10 6 chain iterations). The true number of populations was estimated computing ΔK over 10 runs for each K following the method described by Evanno et al. (2005) .
Results
Sample size and microsatellite variation
A total of 497 individual samples were included in the analysis (Table 1) . Since allele frequencies differed significantly between years within the same site, samples could not be pooled across years. However, the samples collected in 1999 at sites 0A1, 0A2 and 0A3 could be pooled (0A-99), since no significant difference in allelic frequencies was observed between the sites. Data collection was incomplete for loci Hhi57 and Hhi55 (39.7% and 19 .4% missing allelic data respectively, Table 2 ). The largest number of alleles (41) was found at Hhi57 for CSm-94, the smallest number (4) was recorded at locus Hhi55 for 0A2-93. The allelic richness (A) was similar across population samples, with the exception of BE-94 samples, which showed higher genetic diversity.
Most locations showed significant heterozygote deficiency for at least one marker (Table 2) . Accordingly, HWE was rejected at 17% of single-locus tests, twothirds of which involved either locus Hhi55 or Hhi57. Hhi55 contributed the highest F IS values and MICRO-CHECKER identified the presence of "null" alleles for this locus. When HWE tests were combined across loci, after exclusion of the two problematic markers, three samples (0A2-93, CSw-94 and BE-94) deviated from HWE, a result probably attributable to sub-structure in the samples (Wahlund effect (Nei, 1987) heterozygosities.
(Hhi44/Po91) showed evidence of LD in the Bering Sea sample. When tests were combined across all populations, all pairwise combinations of loci were in linkage equilibrium, excluding physical linkage. Although Knutsen et al. (2007) showed that null alleles at Hhi55 did not affect their analyses, we decided to exclude loci Hhi55 and Hhi57 from all analyses of population structure, keeping only three loci.
The 9-loci dataset included 96 samples from 0A2-01 (n = 41), 1D-01 (n = 20), and SL2-94 (n = 35). Ten samples from each site for a total of 30 were also part of the main set of 497 samples, the remaining 66 samples were additional samples not included in the main set. Merging of the data for these 66 additional samples with the main 3-loci dataset was not attempted since only two loci were shared. The 9-loci dataset was therefore analyzed sepa-rately. HWE was rejected at seven single-locus tests, all involving loci Hhi1, Hhi53 or Hhi55. Knutsen et al. (2007) reported the presence of null alleles at these same markers.
Genetic differentiation
Spatial structure. In the first AMOVA ( Values shown in bold are significant (P ≤0.05) as estimated from 10 000 random permutations.
together and the molecular variance was partitioned into an among-sites component (spatial) and a within-site component (temporal). Most of the genetic variation was present within samples; the remaining variability was distributed among temporal samples within site, while the among-sites component exhibited a negligible value. These results did not change after the sequential exclusion of samples BE and SL. However, when we grouped spatial samples by year and the genetic variation was partitioned into an among-years component (temporal) and a within-year component (spatial), a significant component of the genetic variation was distributed among geographic samples within year, even after exclusion of BE, and SL. These combined results indicate that, although the temporal structure within a site is strong enough to obscure the among-sites component, there is significant spatial structure even within the Subareas 0-1 complex alone. The lack of significant variation among years suggests that while the distribution of variation varies across years at a small scale (within-site), it is nevertheless maintained over time at a larger scale (i.e. Northwest Atlantic).
In an attempt to reveal geographic patterns within the Northwest Atlantic we grouped sampling sites within the same NAFO Subarea, and we partitioned the genetic variation among NAFO Subareas, among samples within Subareas, and within samples ( from CS (Subarea 0) may migrate offshore as far as Subarea 1 (Treble, MS 2002 , MS 2003 Treble, unpublished data) . Removal of this samples caused the genetic variation allocated between Subareas 0 and 1 to approach significance (2.0%, p = 0.08, not shown in table). The 'within-Subarea' and 'within-sample' components of the genetic variation were significant for any combination of comparisons. Finally, the hypothesis of a Northern stock (Baffin Bay; 0A and 1A) and a Southern stock (Davis Strait; 0B, 1C, and 1D) was not supported by the AMOVA results, which showed that the Baffin Bay fish were not significantly different from fish sampled in the Davis Strait.
A locus-by-locus AMOVA confirmed that all three loci contributed similarly to the partition of the molecular variance observed in multilocus analyses.
The results for the F ST pairwise comparisons are reported in Table 4 . In general, several tests showed statistically significant differentiation. Within Subarea 0 we found variable degrees of spatial structure. Betweenyears F ST tests revealed significant temporal differentiation within 0A, 0B, and CSw. The samples from Subarea 1 were homogeneous. The two samples collected in the Gulf of St Lawrence behaved differently in all pairwise comparisons, and SL1-94 was significantly different from Subarea 1 samples, while SL2-94 was not. As expected significant differentiation was obtained in all comparisons with the Bering Sea. Surprisingly, in a few instances F ST values within the Northwest Atlantic were comparable to those reported for the comparisons with the Bering Sea. Standardized pairwise F ST values are also reported in Table 4 as reference.
Consistent with these results we did not find significant differentiation among the three sites of the 9-loci dataset (0A2-01, 1D-01, SL2-94), regardless of the inclusion or exclusion of the three loci with null alleles (6 loci, 0A2-0/1D-01 F ST = 0.000, 0A2-0/SL2-94 F ST = -0.005, 1D-01/SL2-94 F ST = 0.001), and F ST values were comparable to the ones obtained for the 3-loci dataset.
Plotting of F ST /(1 -F ST ) as a function of geographic distance resulted in a negative correlation for both the matrix of shortest geographic log-distances (r = -0.078), and the matrix of downcurrent distances (r = -0.126) (Fig. 2) , and the relationships were not statistically significant (p >0.05). This result did not change when we corrected for temporal differences excluding pairwise comparisons between samples that had not been collected in the same year (r = -0.182 and r = -0.296 respectively; both: p >0.05).
Number of populations.
The Bayesian approach implemented in BAPS resolved the presence of two clusters of individuals in our sample from the Northwest Atlantic. Most of the fish (80%) were assigned to one of the two identified clusters, while the remaining 20% had admixed genotypes (Fig. 3) . The proportion of admixed fish was the same (19%) in both Subarea 0 and 1. Significantly, most of the individuals from Subarea 1 (97% of the non-admixed samples) clustered together in one partition (here referred as Cluster 2) whereas the non-admixed individuals of Subarea 0 were almost equally split between the two clusters. In particular, samples collected in 2001 in Divisions 0AB were represented in Cluster 2, whereas most fish sampled in previous years at these locations grouped within Cluster 1 (Fig. 3) .
Cumberland Sound samples were mostly allocated to Cluster 2, although the inshore location was more represented by Cluster 1 for 1994. We did not find a net North-South pattern, nevertheless, a higher proportion of samples from Davis Strait (66% of the non-admixed samples; 70% if CS is included) were assigned to Cluster 2. The proportion of samples from Baffin Bay that was assigned to Cluster 1 (58% of the non-admixed samples) reflects almost entirely 0A samples, since the only site sampled in 1A clustered predominantly with Cluster 2, and therefore is not representative of the entire Baffin Bay. Consistent with F ST results, 65% of SL1-94 total samples were assigned to Cluster 1, whereas 76% of SL2-94 total samples were assigned to Cluster 2. Congruent results were obtained with STRUC-TURE. The highest posterior probability L(K) for the data was obtained when the samples were partitioned into two clusters, as also confirmed by the estimation of ΔK. STRUCTURE estimates the proportion of ancestry from each of the K clusters for each individual and the 90% probability intervals. The allocation of the samples to the clusters and the sample admixture proportions were similar to those obtained with BAPS (Fig. 4) . However, the assignment of only 30% of the individuals (equally distributed between the two cluster) was supported by 90% probability intervals, suggesting a higher degree of admixture than the one indicated by BAPS. The exclusion of the Gulf of St Lawrence did not change the estimate of the true K as K = 2, or the assignment distributions (data not shown). The inclusion of the Bering Sea sample instead raised the number of true clusters to K = 3 (data not shown). In this latter analysis the composition of the first two clusters was approximately maintained as in the analysis for Subareas 0 and 1 only, whereas the third cluster contained the majority of the samples from the Bering Sea. Some resolution was, however, lost and a larger proportion of samples showed a high degree of admixture or was assigned to the third cluster. The cluster most affected was Cluster 1, suggesting lower divergence between this cluster and the Bering Sea.
Variance in reproductive success may cause temporal differentiation between cohorts (Hedgecock, 1994) , leading to the detection of different clusters. Although we were not able to partition our samples into cohort due to the already small sample sizes and incomplete length information, an ANOVA showed that length, a proxy for age, could explain the assignment of fish into one of the two clusters (F = 6.60, p = 0.01, larval fish were excluded).
Clustering analyses following both of the above approaches failed to detect any partitions for the samples in the 9-loci dataset, regardless of the inclusion or exclusion of the three loci with null alleles. This result was not surprising, because of the 30 samples shared between this dataset and the main dataset, in the 3-loci clustering analyses, 25 were assigned to Cluster 2 and five resulted admixed.
Discussion
Twenty or more years of studies (Smidt, 1969; Templeman, 1970; Fairbairn, 1981; Khan et al., 1992; Riget et al., 1992; Arthur and Albert, 1993; Boje et al., 1997; Vis et al., 1997; Boje, 2002) of the biological stock structure of Greenland halibut have shown that this species forms a single stock in the Northwest Atlantic with the exceptions of the area of the Gulf of St. Lawrence (Subarea 4), which seems to be distinct to a certain degree, and of the West Greenland Fjords, although not all the evidence collected has supported the differentiation of the latter. The approaches used previous to our study have failed to find any differentiation within the Baffin Island-West Greenland complex spanning NAFO Subareas 0 and 1.
The results here presented are only based on three microsatellite markers, and as such they should only be considered as preliminary. Nevertheless we identified several potentially interesting patterns that warrant verification with the addition of more markers and samples where possible (Ruzzante, 1998; Kalinowski, 2005) . Preliminary data for nine microsatellite markers for three sites agree so far with the results obtained with three markers.
Our data suggest that the Greenland halibut of the Northwest Atlantic from Subarea 0, 1 and 4 comprise two distinct genetic clusters. Analyses of molecular variance, F-statistics values for pairwise comparisons, and two independent Bayesian clustering analyses congruently support this conclusion. Although additional considerations, besides genetic data, may be called for to establish whether the two clusters identified define distinct stocks (Ihssen et al., 1981) , for simplicity of the discussion from now on we will address them as stocks.
Interestingly, the two stocks are represented both within the Baffin Island-West Greenland complex and in the Gulf of St. Lawrence, suggesting that there may not be marked genetic distinction between fish from these two areas of the Northwest Atlantic. Within the Baffin Island-West Greenland complex, Stock 1 is present almost exclusively in Subarea 0, whereas Stock 2 is equally represented in Subareas 0 and 1. The hypothesis of a northern and a southern stock is not supported by any of our results. Rather, the relative distribution of the two stocks appears more representative of an East-West partial differentiation in the northern part of Baffin Bay. Stochasticity may have also played a role in the resulting distribution of the two stocks, since Subarea 0 was more heavily sampled.
It is not surprising that our results contrast with the conclusions of previous studies. Microsatellites have been more powerful in detecting differentiation in high gene flow species such as Atlantic cod (Gadus morhua, Ruzzante et al., 1998) , hake (Merluccius merluccius, Lundy et al., 2000) and squid (Loligo forbesi, Shaw et al., 1999) , and, as shown for turbot (Scophthalmus maximus, Nielsen et al., 2004) , the final result often depends on the areas sampled.
Most spawning of Greenland halibut in the Northwest Atlantic takes place over an extended area from Davis Strait to Newfoundland with a peak during winterspring (Jensen, 1935; Smidt, 1969; Templeman, 1973) . Larvae are transported from spawning grounds in Davis Strait to and along the west coast of Greenland to northern Davis Strait and then southward toward the banks off Baffin Island (Bowering and Chumakov, 1989) . Our efforts to correlate genetic differentiation with geographic distance showed no clear pattern of gene flow mediated by either larval dispersal or adult migration. It is likely that the observed geographic distribution of genetic variation is generated by a complex combination of the two. Our larval samples (1C) grouped almost entirely with Stock 2, with the exception of some admixed fish, suggesting the existence of another spawning area (or season) for Stock 1.
The poor knowledge on the spawning affiliation of the samples adds complexity, since presumed populations may indeed constitute mixtures of different stocks sampled on common grounds during feeding migrations.
For instance, about ten years of studies were needed to confirm the genetic differentiation between the eastern and western Atlantic bluefin tuna (Thunnus thynnus) stocks due to the mixing of adults on feeding grounds (Carlsson et al., 2007) . Many flatfishes undergo seasonal migrations related to feeding and return to specific areas to spawn. Natal homing is certainly a key factor in the geographic structuring of these populations, yet very little is known about its mechanisms for this group (Bailey, 1997; Hoarau et al., 2002) . True population structure of Greenland halibut may be difficult to identify with our current samples, as they were collected during summer (with the exception of CSw) when feeding behaviour may have caused mixing of fish from the two identified stocks.
Observations from fishermen in the winter fishery well within Cumberland Sound suggest some spawning occurs within this 'inshore' area of the Sound. Despite this local spawning, this 'inshore' population may heavily depend on recruitment from the Davis Strait, similarly to the fish in the West Greenland fjords (Riget and Boje, 1989) . Tagging has indeed shown that fish from the mouth of Cumberland Sound migrate inshore within Cumberland Sound as well as to deeper offshore waters in the Davis Strait (Division 0B) (Treble, MS 2003) . Our analyses show that the 'inshore' component of Cumberland Sound includes fish from Stock 1 as well as fish from Stock 2 while at the mouth of the Sound Stock 2 is predominant.
Within the Gulf of St. Lawrence, the analysis of samples scattered through the northern part of the Gulf, up into the estuary of the St. Lawrence River, (mainly Division 4S) indicates a strong prevalence of fish from Stock 1. However, fish collected with a single tow off the Gaspé Peninsula (Division 4T) belonged almost entirely to Stock 2. Stock 1 may represent here the 'resident inshore' stock, known to spawn in the Laurentian Channel off Southwestern Newfoundland, while the fish sampled off the Gaspé Peninsula could be a component of the 'offshore' stock that may utilize habitat in the Gulf for feeding. These fish might also have been recruited into the Gulf of St. Lawrence from Davis Strait, as previously suggested by Bowering (1982) . Spawning in the Gulf takes place in winter in the Laurentian Channel between Anticosti Island and Cabot Strait (Bowering, 1980) ; however, a very few number of spent fish have also been observed during summer surveys (B. Bernier, personal communication, 2008) . Two different spawning seasons could be reflective of two stocks (Hendry and Day, 2005) ; for instance, Atlantic cod over-wintering in the Gulf of St Lawrence consist of a mixture of several spawning populations .
Our data showed across-years variation in genetic composition at the small scale (within-site), but a lack of significant variation among years when pooling all samples from the Baffin Island-West Greenland complex. Temporal variation in our samples may be due to sampling bias introduced by non-homogenous distributions of the stocks. During spawning different stocks may form distinct spatial assemblages within the same site, rather than intermingling, perhaps due to differences in spawning timing . However, the heterogeneity of the life-stages sampled adds another not-negligible temporal dimension in the data.
In summary, the evidence here presented collectively suggest that Greenland halibut of the Northwest Atlantic between Baffin Island and West Greenland are not comprised of a single panmictic assemblage, but rather are composed of two genetically distinguishable stocks. However, the geographic intermingling, and possibly admixing, of the two stocks, at least in Subarea 0, reinforces that, until more information is available, continuing to manage Subareas 0 and 1 as a single unit is reasonable. Because the current dataset includes many different life-stages and cohorts, the caveat holds that variance in reproductive success may have caused temporal differentiation between cohorts (Hedgecock, 1994) , leading to the detection of two different clusters. We interpreted the observed heterozygote deficiencies with substructure in our samples due to the presence at most locations of the two stocks. It has been shown that when a larval cod aggregation showing heterozygote deficiency was divided into cohorts using length as a proxy for age, no departure from Hardy-Weinberg expectation was observed in each cohort (Ruzzante et al., 1996) . We found an overall relationship between the length of the fish and the cluster identity; yet, this could be attributed to a non-homogeneous sampling strategy (e.g. different strata sampled in different occasions).
These preliminary findings warrant further investigation with intensive sampling conducted in sequential years at multiple sites across Baffin Bay and the Davis Strait, as well as additional markers. To solve issues associated with seasonal movements and different lifestages, spawning adults should be ideally sampled, however, this is almost impossible for Greenland halibut in the Northwest Atlantic, where the fishery shuts down for five months (November-March) due to ice conditions. Although some trawl activity persists during DecemberJanuary, this gear is not indicated for large spawning fish that can easily swim away from it. The samples most readily available to us would be the juvenile-pre-adults caught prior to spawning.
In addition, now that the genetic tools have been identified it would be relevant to investigate further the relationship between the Baffin Island-West Greenland complex and the Labrador-eastern Newfoundland and Gulf of St. Lawrence management units. This information is very much needed for careful management of the Greenland halibut fishery in the NAFO Regulatory area.
